Study objective-The aim was to test a large set of childhood leukaemia and lymphoma registrations for the presence of clusters in space and in time.
We recently reported clustering among childhood leukaemias and lymphomas in Great Britain. 1 The clusters occurred jointly in space and in time, as judged by the dates and the addresses at registration. The full database consisted of all registrations (9411) of leukaemias and of nonHodgkin's lymphomas in children aged 0-14 years in England, Wales, and Scotland between 1966 and 1983. The analysis itself was based upon a subset with the most accurately recorded dates and times. More pairs of registrations occurred jointly in the same calendar month and within a short distance of each other than should occur by chance. The cluster pattern was present in several different diagnostic subsets. It was also present among pairs spanning different diagnoses and different age groups. Space-time interaction in leukaemia had been described before2' but never on the basis of so large a data set, assembled and validated to a uniform standard, and free of suspicion that the material was tested because clustering had already been recognised within it.
Here, we report a more detailed analysis. We address four specific questions. First, could the clustering be an artefact of the registration process? It is unlikely with these diseases, and with a high grade registration system,7 that it could represent time limited patches of overdiagnosis or of varied ascertainment level. However, one case might precipitate the registration of another close by, which had previously been overlooked. Second, could the clustering be an artefact arising from temporal-spatial instability of the population itself? If the density pattern of a population should drift, then any events arising within the population will reflect that changing pattern. Third, we must ask whether the interaction is statistically primary, genuinely dependent upon the dates and places of registration, or whether it is statistically secondary to an interaction based upon another date and place (of birth, say), the temporalspatial coordinates of which are correlated with those of registration. Fourth, we must ask what biological models-including infective or toxic or radiation exposures-are compatible with the temporal-spatial patterns described.
Methods

THE DATA
The origins, the preparation, the validation, and the detailed contents of the data set are fully described elsewhere.7 It consisted of 9411 registrations of leukaemias and non-Hodgkin's lymphomas in children aged 0-14 years, in England, Wales, and Scotland, between 1966 and 1983 . This national registration file was abridged and consolidated before presentation to research groups in order to preserve confidentiality. Each abridged registration record comprised a unique index number, the sex of the child, the ICDO coded type and site ofthe neoplasm, the "anniversary date" (day, month, year), the age at anniversary-0 in completed months, the census tract and the enumeration district codes, and a map reference indicating the position of the postcode. Anniversary-0 is the date on which the diagnosis was made and treatment begun.
The postcode coordinates recorded in the file had been obtained initially from the Central Postcode Directory. The Directory records its postcode map references to a resolution of 100 metres, or 10 metres in Scotland. They relate to the first address within the postcode. These map references were then checked, corrected, and supplemented-where this was necessary and possible-against a current commercial index of postcode centroids, supplied by Pinpoint Analysis Ltd. The map references finally entered to the consolidated/abridged research file were recorded as seven digit eastings and seven digit northings, formally correct to one metre. However, many of them-those not cross checked against the Pinpoint index-were still in practical terms recorded only to a resolution of 100 metres. For this and for other reasons-to which we return later-the actual resolutions of these values are to a degree uncertain. However, the case records contained indicators of the origins of the addresses, and of the presumed reliability of the allocated postcodes and coordinates, and this enabled us to exclude from analysis those of known doubtful validity.
The relationships between these first address and centroid coordinates, and the actual addresses within the postcodes, are also uncertain; but a published analysis claims8 that over 50O0 of the coordinates are accurate to within 100 metres, and 9000 to within 400 metres. There are about 17 addresses per postcode, so that most individual addresses would then be represented to an accuracy of about 200 metres. Address separations less than this will generally have identical coordinates; although some will not; and some with wider separations will. We shall pursue the issue of resolution at a later stage.
The date of diagnosis/registration was also sometimes uncertain and substitute dates had sometimes been entered. Again, however, the record contained an indicator of reliability, and doubtful dates were excluded from analysis. Using these reliability indicators we prepared a subfile which excluded all those dates and places the inaccuracy of which might invalidate our conclusions. Diagnoses were then blocked into three main groups comprising (a) lymphocytic and unspecified leukaemias (ICD 980(0-980 4, 9820-982-5,985 0), (b) myeloid leukaemias (ICD 984(0-984-9, 985 1-994 0), and (c) the nonHodgkin's lymphomas together with the unspecified lymphomas (ICD 951 1-975 0). A number of other diagnoses-for example specified leukaemias and lymphomas not falling within these groups-were excluded. This resulted in a reduced file of 8889 registrations.
Dates of registration were converted to "day of 20th century", and approximate dates of birth were calculated by subtracting "age in completed months at registration". Clearly, these estimated dates of birth have an error of about plus or minus 15 days. Nevertheless, this procedure allowed us to identify a pair of like sexed concordant twins with the same type of leukaemia and the same map position, both registered during the first year of life. We excluded one of the pair, treating the other as a single case, thus leaving 8888 events for analysis.
ANALYSIS
The standard methods for the detection of spacetime interactions are based upon an examination of all possible pairs. There are n(n-1)/2 possible pairs from n events; for example there are 39 493 828 pairs from among the 8888 events. This permits a tabulation of distance separations against time separations, to see whether there is a disproportionate excess of pairs combining short distances with short time intervals.
For a dataset which extended over 18 years and over 1000 km, the question arises whether a false interaction might be generated through movements in the density pattern of the population at risk. We took precautions against such mis- We also made use of further novel techniques. One was a modification to the "all possible pairs" technique in which the distances between pairs were standardised for the local density of events. This was carried out using a modification of a method described and used elsewhere.9 Each record was examined to see how many other cases were located within a nominated distance, and the number (plus 1) stored as a "proximity count" within the registration record. Different nominated distances-typically 4 km-were used in different runs. These individual proximity counts were later divided by the overall mean proximity count, the ratio then providing a crude indicator of the density ofother registrations in the immediate vicinity of the index case. In the subsequent analysis of pairs, each of the geographical separations was then stretched or shrunk according to the local density indices associated with the two registrations. Technically, the measured distance was multiplied by the harmonic mean of the two density ratios. The general intention was to provide a transformed index of distance scaled in terms of the numbers of intermediate personal contacts, rather than the number of metres.
The second novel technique was an elaboration of the examination based upon pairs. We sought space-time interaction among triplets of cases. In practice we used a subset of all possible triplets of events-n(n-1)(n-2)/6 from n events: in this case, approximately 1-1698 x 1011. This required an extension of the notions of "distance apart" and "time apart", beyond the usages appropriate to pairs. A triplet "distance" was defined as the mean of the three distances between the three cases: one third of the perimeter of the triangle. Time intervals were defined as the interval between the first and the last of the three events. An analysis conducted on a date sorted file, within moving limits of 400 days and 100 km, generated 32 400 050 triplets, approximately 0 028°,, of all possible triplets. This method, including extensions to quadruplets and higher n-tuplets, has also been described and used in other contexts.9 Space-time interaction was initially sought separately in children aged 0-59 months and in children aged 60 months or more. The O/E ratios were greater among the older children than among the younger ones but stronger still, and highly significant, among pairs spanning the chosen age boundary. For example, there were 26 cross group pairs within 0 5 km and 60 days against an expected 11-96 (p<0 001). The data were therefore re-examined in three age bands: 0-3 years, 4-7 years, and 8-14 years. The results are given in table V, confirming that the main strength of the interaction lies in the intermediate age band (4-7 years). Furthermore, diagnostic disaggregation within this age band confirmed that the main interaction related to the lymphatic/ unspecified leukaemias, possibly combined with the lymphomas. In this combined grouping (lymphatic/unspecified leukaemia + lymphoma) in children aged 4-7 years, there were 17 pairs within 1 5 km and 30 days of each other against an expected 5 93 (p<0 001).
REGIONAL HETEROGENEITIES AND POPULATION DEN-SITIES
Close space-time pairs were located on a map. They showed a strong apparent concentration along a corridor stretching from the conurbations of north west England (Liverpool, Manchester, Lancashire), through the industrial Midlands, towards the south east (London, Dover). This is as might be expected for close spatial pairs, irrespective of their time separations, because high population densities increase their frequencies. Geographical heterogeneities should not in themselves give rise to artefactual spacetime interactions, but they are capable under some circumstances of masking genuine ones. If the critical distance for identifying interaction pairs the north eastern region, the most significant interaction was within 0 3 km and 25 days (0, E, O/E=9, 3 10, 2 90; p<0 01). Standardisation for population density was carried out, as described earlier. The effect of density standardisation was to reallocate some of the short distances in the central corridor and in the north east to rather longer distances, and to do the opposite in the south west. Results for the three separate zones are given in table VII. In the event, these manoeuvres made little difference. There was still evidence of an interaction in the central and north eastern zones, but none in the south western zone.
,eterogeneities ot critical distance. In TRIPLETS ntral corridor, the most significant The analysis of pairs was supplemented by an were at 01 km and 35 days (0, E, analysis of all possible triplets, using the 8, 459; p < 0 0001) and at 0 1 km and technique described above exposure to radiation or to toxic materials, or even cosmic ray showers-are unlikely to initiate disease natural histories of such uniformity as to achieve paired registrations on dates so narrowly separated. This suggests that there must be a pair shared disease-promoting event quite close to the date of registration; and therefore probably precipitating the presentation of disease already present. One possibility would be an infective agent which provoked haematological examinations. The space-time clusters could then reflect the spread of infectious mononucleosis, or asthma microepidemics, or swollen lymph nodes from respiratory infection. This might lead to the clustered discovery of leukaemias which had not yet presented clinically. We shall reconsider these possibilities when we have examined the question of geographical clustering, independent of time.
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